Gene expression and regulation is an important sculptor of the behavior of organisms. Epigenetic mechanisms regulate gene expression not by altering the genetic alphabet but rather by the addition of chemical modifications to proteins associated with the alphabet or of methyl marks to the alphabet itself. Being dynamic, epigenetic mechanisms of gene regulation serve as an important bridge between environmental stimuli and genotype. In this review, we outline epigenetic mechanisms by which gene expression is regulated in animals and humans. Using fear learning as a framework, we then delineate how such mechanisms underlie learning and stress responsiveness. Finally, we discuss how epigenetic mechanisms might inform us about the transgenerational inheritance of behavioral traits that are being increasingly reported.
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Bridging the gap between genes and the environment The dynamic regulation of gene expression in response to environmental stimuli is vitally important for complex organisms to develop, adapt, and survive in multifaceted environmental conditions. The concept of epigenetic regulation (Box 1; Figure 1 ) may provide the framework for a mechanistic understanding of the mutual interaction of the genetic blueprint with changing environmental conditions. Here, the environment can lead to long-lasting modifications in genome organization and gene expression as a function of -but without changing -the underlying DNA sequence. In particular, the field of neuroepigenetics has gained much attention in the past decade providing exciting insights in the response of the brain to environmental cues, consequently regulating behavior but also the pathogenesis of mental disorders. Fear learning provides a framework within which to study how environmental cues leave their imprint on the nervous system. Here, we will focus on the epigenetic basis of fear memory learning and the transgenerational inheritance of learned sensitivities to environmental cues as a consequence of ancestral experiences.
Epigenetic modification and the regulation of learning and memory

Fear learning
Over the past decade, much effort has begun to examine the role of epigenetic mechanisms in the establishment of psychiatric disorders. Pavlovian fear conditioning, alternatively referred to as threat conditioning, has been proposed as a model to examine the epigenetic mechanisms that underlie the initial formation of an aversive fear memory [1] . Pavlovian fear conditioning serves as an excellent paradigm with which to access the cellular, molecular, and epigenetic mechanisms that underlie the initial formation of long-lasting memories and behavioral adaptations in adult rodents. It is worth noting that much work has also revealed critical roles for epigenetic regulation of spatial learning and memory, however, as no evidence for ancestral inheritance of these memories has yet to emerge, we have focused our discussion on animal models of learning and memory that have some suggestion of ancestral inheritance.
Histone regulation and fear memory formation
Evidence for the emergence of neuroepigenetics was first revealed with the demonstration that contextual fear conditioning resulted in an increase in histone H3 acetylation within the hippocampus [2], suggesting for the first time a role for chromatin modifications in the formation of an aversive memory. In support of a role for chromatin modifications in memory formation, many labs have since demonstrated that inhibition of histone acetyltransferase (HAT) activity impairs training-related changes in histone acetylation and in concert impairs long-term fear memory formation in a variety of learning and memory tasks using transgenic mouse models or pharmacological agents [3] [4] [5] [6] [7] [8] [9] [10] . Correspondingly, inhibition of histone deacetylase (HDAC) activity has been found to not only enhance training-related changes in histone acetylation but also enhances long-term memory using a variety of behavioral paradigms including contextual, auditory, and spatial memory tasks [11] [12] [13] [14] [15] [16] , fear memory reconsolidation [17] ,
